therapy can be affected by cancer drugs or coexisting conditions [10] .
For cancer patients with AF, few data are available on adverse effects of anticoagulation. Although NOAC trials among AF patients included only a few cancer patients (and in particular those with assumed long life expectancy) [11] [12] [13] , NOACs are prescribed increasingly to AF patients with cancer [7, 14] .
Since both AF and cancer are common, any increased risk of thromboembolic events and bleeding may have major public health implications. We therefore examined the risks of thromboembolic and bleeding complications in AF patients with and without cancer who were prescribed a VKA or a NOAC.
Methods
The Danish health care system provides free tax-supported health care to the entire national population (cumulative population = 6,571,879 people during the study's 2004-2013 enrollment period). Nationwide registries within the health care system track diagnoses and procedures on the date of service, prescriptions on the date of redemption, and vital status for the entire population. Individual-level data from these registries can be linked unambiguously using the unique civil personal registration (CPR) number assigned to all Danish residents at birth or upon immigration [15] .
Source population and data collection
The Danish National Patient Registry (DNPR) has recorded all inpatient hospitalizations in Denmark since 1977 and all outpatient and emergency room visits since 1995, using the International Classification of Diseases, Eighth Revision (IDC-8) through 1993 and Tenth Revision (ICD-10) thereafter [16] . We used the DNPR to establish a cohort of all patients with any first-time inpatient or hospital outpatient diagnosis of AF recorded between 1 January 2004 and 31 December 2013. We linked this cohort to the Danish National Health Service Prescription Database (DNHSPD), which has recorded information on redemption of reimbursed prescriptions from outpatient pharmacies since 2004 [17] . We then restricted the cohort to patients with first-time AF who had at least one reimbursed prescription for a VKA or a NOAC within 90 days after their AF diagnosis. The cohort therefore included patients with first-time AF, but not necessarily a first-time prescription for VKA or NOAC. The index date was defined as the redemption date of the first reimbursed prescription. In a sensitivity analysis, we defined new users of VKA or NOAC as those with no previous record of VKA or NOAC prescription, respectively.
To identify all cancer diagnoses, we linked the AF cohort to the Danish Cancer Registry, which has recorded all incident cancers in Denmark since 1943 using ICD-10 codes [18] . We then divided the study cohort into patients with a previous diagnosis of incident cancer and those with no record of cancer as of the date of AF. Cancers were classified as gastrointestinal cancers, cancers of the lung or pleura, breast cancer, urological cancers, intracranial cancers, hematological cancers, and other cancers.
We used the DNPR to ascertain the medical history of all patients prior to their index date. We extracted information on diagnoses of cardiovascular comorbidities, obesity, thyroid diseases, chronic obstructive pulmonary disease, alcoholism, liver disease, and renal failure, as shown in Table 1 . In addition, for each patient we calculated a CHA 2 DS 2 VASc score [19] , which is a risk prediction score for stroke in AF patients (Table S1 ). We extracted information on reimbursed prescriptions for cardiovascular comedications from the DNHSPD. Users were defined as persons with a record of at least one prescription for a given drug within 90 days before their index date. Variable definitions and diagnostic codes are provided in Table S1 .
Follow-up
The study outcome was time from the index date to a thromboembolic complication (defined as any inpatient or outpatient diagnosis of ischemic stroke, VTE, other arterial embolism, or myocardial infarction) or to a bleeding complication (defined as any inpatient or hospital outpatient diagnosis of hemorrhagic stroke or gastrointestinal, lung, or urinary hemorrhage) recorded in the DNPR [16] . Using the Civil Registration System, we followed patients for 1 year, or until death, emigration, or 31 December 2013, whichever came first [15] .
Statistical analysis
We tabulated frequencies of all baseline covariates in the cancer and noncancer groups ( Table 1 ). We then used cumulative incidence functions to compute 1-year risks for thromboembolic or bleeding complications among cancer and noncancer patients who had redeemed prescriptions for a VKA or a NOAC, accounting for death as a competing risk (Figure 1 ) [20] . Risks were calculated overall and by categories defined by covariates.
We used Cox regression to compute hazard ratios (HRs) comparing outcomes in patients with cancer to outcomes in those without cancer, adjusting for sex, age group (<65 years, 65-74 years, 75-79 years, and ≥80 years), and CHA 2 DS 2 VASc score (0, 1, 2, 3, 4, 5, and ≥6). We computed hazard rate ratios separately for patients prescribed a VKA versus a NOAC. Due to low numbers of patients, we then compared all cancer patients with redeemed VKA or NOAC prescriptions in categories defined by time since the most recent cancer diagnosis (<2 years, 2-<5 years, and ≥5 years) and by cancer site to all noncancer patients.
The proportionality assumption was assessed graphically using log minus log plots and found to be appropriate.
To account for the excess risk of a subsequent event associated with a previous thromboembolic or bleeding episode, we conducted a sensitivity analysis in which we excluded patients (n = 23,206) who had a thromboembolic or bleeding diagnosis before the index date. We also conducted a sensitivity analysis that included only patients defined as new users of oral anticoagulation therapy. In a posthoc analysis, we restricted the Cox regression models to patients with index date in the calendar years 2011 through 2013, to examine the risks of thromboembolic and bleeding events among patients in the period where NOAC was available.
We also conducted a posthoc sensitivity analysis restricting to patients with at least two prescriptions for VKA or NOAC, respectively, during follow-up. In this analysis, patients were followed from their second reimbursed prescription.
Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC). The study was approved by the Danish Data Protection Agency (record number 2012-41-0793).
Results
Descriptive characteristics of the study population are presented in Table 1 . Among AF patients with VKA prescriptions, we identified 49,057 (83%) noncancer and 10,046 (17%) cancer patients. Among those with redeemed NOAC prescriptions, 7207 (80%) were noncancer patients and 1809 (20%) were cancer patients. Patients with redeemed VKA prescriptions were followed for a total of 51,506 years for thromboembolic complications and 52,121 years for bleeding complications, while patients with redeemed NOAC prescriptions were followed for a total of 5740 years for thromboembolic complications and 5819 years for bleeding complications.
Noncancer patients were younger than cancer patients (median age 72 years (IQR: 64, 79 years) and 77 years (IQR: 70, 83 years), respectively, and 54% of cancer patients were male compared with 60% of noncancer patients. Comorbidity was frequent, particularly hypertension, which was diagnosed in 57% of noncancer patients and 60% of cancer patients. Urological cancer was diagnosed in 15% of cancer patients, followed by breast cancer (12%), gastrointestinal cancer (12%), lung cancer (4%), hematological cancer (3%), and intracranial cancer (0.1%). Other sites accounted for 54% of cancers. More than half (52%) of cancers were diagnosed for five or more years before the index date.
Risk of thromboembolic and bleeding complications
One-year risks of thromboembolic complications in AF patients who redeemed a VKA prescription were similar in When restricting to patients with at least two prescriptions for the same anticoagulant drug, the median time between first and second prescription was 52 days (IQR: 37-76) for VKA prescriptions and 29 days (IQR: 22-44) for NOAC prescriptions. In this analysis, we also found similar HRs for thromboembolic and bleeding events as in the main analysis: 1.0 (95% CI: 0.92, 1.2) for thromboembolic events after two VKA prescriptions and 0.98 (95% CI: 0.71, 1.4) for NOAC prescriptions. The HRs for bleeding complications were 1.1 (95% CI: 0.0.95, 1.2) and 1.2 (95% CI: 0.85, 1.7), respectively.
For patients with VKA prescription, one-year risks were higher for ischemic stroke in all patients who redeemed prescriptions for anticoagulants, but those who redeemed VKA prescriptions were also at risk of subsequent VTE (1.7% of cancer patients and 1.1% of noncancer patients). In contrast, patients with NOAC prescriptions were at risk of myocardial infarction (1.1% of cancer patients and 1.2% of noncancer patients). Lung and urinary bleeding were the most common bleeding complications. These risks were slightly lower for noncancer patients than for cancer patients. (Table 2) After excluding patients with thromboembolic or bleeding events prior to the index date (n = 23,206), the HR of thromboembolic complications among remaining cancer patients was similar to that for all cancer patients for VKA prescriptions, but increased from 0.80 in the full cancer patient cohort to 1.2 after exclusions for NOAC prescriptions. HRs were increased particularly for VTE: from 1.4 (95% CI: 1.2, 1.7) to 1.7 (95% CI: 1.2, 2.5) for VKA prescriptions and from 1.4 (95% CI: 0.72, 2.8) to 3.9 (95% CI: 1.3, 11) for NOAC prescriptions. Overall HRs for bleeding complications were similar after excluding patients with previous events, but the relative risk for hemorrhagic stroke increased from 0.94 to 1.2 among patients with VKA prescriptions and from 2.2 to 2.5 for patients with NOAC prescriptions (Table 2) .
HRs was very similar when the analysis was restricted to patients defined as new users of VKAs or NOACs (data not shown).
When we combined the cohorts of patients with VKA or NOAC prescriptions and examined patients with and without cancer, active cancer (i.e., diagnosed <2 years before the index date) was slightly associated with an increased (24) 2382 (24) 1993 (28) 452 (25) Acetylsalicylic acid 13,206 (27) 2786 (28) 1603 (22) 437 (24) Non-aspirin NSAIDs 5034 (10) 1019 (10) 721 (10) (69) 6625 (66) 5999 (83) 1500 (83) n (%), unless otherwise specified. VTE, venous thromboembolism. 1 Comedication defined as at least one reimbursed prescription recorded within 90 days of the index prescription for a VKA or NOAC. 2 New users defined as patients with no history of a prescription for oral anticoagulation in the registry (with at least 6 months of prescription history). (Table 3) .
Specific cumulative risks stratified by sex, age group, cancer stage, and CHA2DS-VASc score are presented in Table S2 .
Discussion
Risks of thromboembolic and bleeding events were found to be almost the same in AF patients with and without prevalent cancer, irrespective of whether they were prescribed VKAs or NOACs. As expected, compared to noncancer patients, cancer patients were at higher risk for VTE and for lung and urinary bleeding.
This study was based on a nationwide cohort of patients with AF treated in a tax-supported and uniformly organized health care system with complete follow-up. Limitations included lack of information on dosage of anticoagulation, whether patients complied with treatment Table 2 . Absolute risk in percent and adjusted hazard ratios (HRs) with 95% confidence intervals (CI) of thromboembolic and bleeding complications in patients with atrial fibrillation during the first year after a prescription for a vitamin K antagonist or a non-vitamin K antagonist oral anticoagulant in patients with and without cancer, Denmark, July 2004 through December 2013. N/A indicates no cases. 1 Hazard ratios comparing thromboembolic and bleeding complications and death in atrial fibrillation patients with cancer versus without cancer. 2 Excludes patients (n = 23,206) with prevalent thromboembolic or bleeding events. 3 Events were not mutually exclusive. The number of specific events therefore does not necessarily add up to the total number of events. or switched to another drug during follow-up, on physician preference for type of drug. However, the majority of patients were new users of VKAs (68%) or NOACs (83%) and only 4% of patients switched drugs during follow-up, and restricting analyses to those with at least two prescriptions for the same anticoagulant did not change the estimate of associations. Another concern is that we lacked information on clinical and lifestyle factors that constitute risk factors for thromboembolic or bleeding conditions, such as smoking, body weight, and HAS-BLED score. Still, we did have information on comorbidities such as diabetes, alcoholism, chronic pulmonary disease, and other lifestyle-related conditions, and found that they were similarly distributed between the noncancer and cancer cohorts. Thus, there is no indication that such factors explain our findings. While three studies have compared the risk of recurrent thromboembolism in cancer and noncancer patients [6, 21, 22] , thus far none have specifically quantified the risk of thromboembolic or bleeding complications in cancer and noncancer patients with AF according to use of VKAs or NOACs. Existing guidelines for VTE prevention in cancer patients still recommend use of low molecular weight heparin (LMWH) for primary prophylaxis and LMWH/VKA for initial and long-term treatment [14, [23] [24] [25] . Previous clinical trials of cancer patients treated with VKAs or NOACs for VTE suggest that NOACs may be effective and safe in selected patients with active cancer [14, 26] . Unfortunately, our cohort of cancer patients was too small to examine time since cancer diagnosis as a predictor of complications in NOAC-treated patients.
Vitamin K antagonist
Anticoagulant therapy may be difficult to manage in patients with active cancer [14, 22, 27] , and the physician choice for oral anticoagulant therapy may depend on type of cancer and time since cancer diagnosis. Patients with active cancer treated with VKA therapy may not meet the desired international normalized ratio (INR) interval due to hypercoagulation, interaction with oncology drugs, or concurrent conditions [6, 8, 10, 28] , but the frequencies of comorbidities did not vary substantial among cancer patients with VKA versus NOAC prescriptions in our study. At the same time, NOAC therapy may interact with several classes of drugs through common metabolic pathways such as CYP3A4 [14] .
Our results indicated a slightly increased risk associated with active cancer, but we lacked information on hospitalbased anticoagulant prophylaxis and thus may not have captured all patients with newly diagnosed cancer. VTE is a frequent complication of cancer, supporting our finding of a higher risk for VTE than for other thromboembolic events among cancer patients. It is well known that patients with cancer and a previous thromboembolic event have at least a twofold increased risk of a new event, compared to similar patients with no malignancy [6, 21, 29] . After excluding patients with previous thromboembolic or bleeding events, the overall relative risk of such complications was similar in cancer and noncancer patients with VKA prescriptions, but slightly increased for thromboembolic events among cancer patients with NOAC prescriptions. We speculate that patients with previous events are current and well-controlled users of VKA therapy and that the remaining group of patients more often represented new users. Indeed, 67% of excluded patients with a VKA prescription and 85% of patients with a NOAC prescription were defined as new users.
In conclusion, our study found similar risks of thromboembolic or bleeding events in AF patients with and without cancer irrespective of VKA or NOAC prescription. Table S1 . Variables and definitions. Table S2 . Absolute risks in percent with 95% confidence intervals of thromboembolic and bleeding complications in patients with atrial fibrillation during the first year after redeeming a prescription for a vitamin K antagonist or a non-vitamin K antagonist oral anticoagulant in patients with and without cancer, Denmark, July 2004 -December 2013.
